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, . $V$ , $0$ $\mathrm{K}$ $\ell$
$(\in \mathrm{Z}_{>0})$ , $V$ $V^{*}$ $S=S(V^{*})$
. , $\mathrm{D}\mathrm{e}\mathrm{r}_{S}$ . , $S$ . $\mathrm{K}$- $S$- . $(x_{1}, \cdots, x\ell)$
$V^{*}$ $\mathrm{K}$- , $S=\mathrm{K}[x_{1}, \cdots, x\ell]$ , $( \frac{\partial}{\partial x_{1}}, \cdots, \frac{\partial}{\partial x_{\ell}})$ , Ders
. , $\frac{\theta}{\partial x_{j}}$ : $Sarrow S$ $x_{j}l_{}^{}\text{ }\prime$ . $0$
, Ders .
$A$ $V$ (arrangement), $V$ (hyperpalne)
. , , $V$ 1 . hyperplane
$H\in A$ , $k:Aarrow \mathrm{N}=\mathrm{Z}_{\geq 0}$ $A$ (multiplicity)
, $A$ multiplicity $k$ $(A, k)$ , $V$ (multiarrangement)
(G. M. Ziegler [Zi]). , arrangemnet $A$ hyperplane $H\in A$
“ ” ( $A^{H}$ , . , $A^{H}:=\{H’\cap H|H’\in A\backslash \{H\}\}$ , multiplicity
$A^{H}arrow \mathrm{N}$ , $k(X):=\#\{H’\in A\backslash \{H\}|H’\cap H=X\}$ . , $V$
(multi)arrangement “$\ell-(\mathrm{m}\mathrm{u}\mathrm{l}\mathrm{t}\mathrm{i})\mathrm{a}\mathrm{r}\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{g}\mathrm{e}\mathrm{m}\mathrm{e}\mathrm{n}\mathrm{t}$ ” . $\ell$-multiarrangement
$(.A, k)$ , $Q(A, k)\in S$
$Q(A, k):= \prod_{H\in A}\alpha_{H^{k(H)}}$
. , $H$ , $\alpha_{H}\in V^{*}$ $H$ : $\mathrm{k}\mathrm{e}\mathrm{r}\alpha_{H}=H$ .
$H\subseteq V$ , $m$ . $\theta\in \mathrm{D}\mathrm{e}\mathrm{r}_{S}$ , “$\theta(\alpha_{H})\in\alpha_{H^{m}}S$”
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, “ $\theta$ , $H$ $m$ ” . , ( $A$ , $l$-multiarrangement
, $H\in A$ , $k(H)$ $\theta\in \mathrm{D}\mathrm{e}\mathrm{r}_{S}$ $‘((A$ , ” ,
D(A :
$\mathrm{D}(A, k):=\{\theta\in \mathrm{D}\mathrm{e}\mathrm{r}_{S}|\theta(\alpha_{H})\in\alpha_{H^{k(H)}}S(\forall H\in A)\}$.
, Ders . $\mathrm{D}(A, k)$ S-
, multiarrangement $(A, k)$ (free) , $\mathrm{D}(A, k)$ rank
$\dim_{\mathrm{K}}V=$ , ( $=$ ) $\theta_{1},$ $\cdots,$ $\theta\ell$ $\theta_{j}$
$\deg\theta_{j}$ hee multiarrangement $(A, k)$ (exponent) ,
$[\deg\theta_{1}, \cdots, \deg\theta_{\ell}]$ $\exp(A, k)$ ( , $(\theta_{1}, \cdots, \theta_{\ell})$
, $(A, k)$ . , “ ”
, “exponents” .) , 2 multiarrangement
, G. M. Ziegler [Zi, Corollary 7] , freeness :
1.1 2-multiarrangement $(A, k)$ free .
, 2-multiarrangement , exponents [Wa]
, $|A|=3$ , 2-multiarrangement $(A, k)$ , exponents
, , $\mathrm{D}(A, k)$ .
, “ ” . , I. G. Macdonald [Ma]
, , [Wa] .
2
2.1 $\lambda=(\lambda_{1}, \lambda_{2}, \cdots)$ (partition) : (1) $\lambda_{1},$ $\lambda_{2},$ $\cdots$ ,
, (2) “$n>N\Rightarrow\lambda_{n}=0$” $N\in \mathrm{Z}_{>0}$ . , $\in \mathrm{Q}[X]$
$:= \prod_{P\in \mathrm{Y}(\lambda)}\frac{X-c(P)}{h_{\lambda}(P)}$ (2.1)
, – (generalized binomial coefficient) .
(2.1) , $\mathrm{Y}(\lambda),$ $c(P),$ $h_{\lambda}(P)$ :
$\bullet \mathrm{Y}(\lambda)=\{(i,j)\in \mathrm{Z}_{>0^{2}}|j\leq\lambda_{i}\}$ .
$\bullet c(P)=j-i$ . $(P=(i,j)\in \mathrm{Z}_{>0^{2}}.)$
$\bullet$ $h_{\lambda}(P):=|\mathrm{Y}(\lambda)\cap H_{P}|$ . , $H_{P}$ $P=(i_{0},j_{0})\in \mathrm{Z}_{>0^{2}}$ “hook”
: $H_{P}=\{(i_{0},j)|jo\leq j\in \mathrm{Z}_{>0}\}\cup\{(i,j_{0})|i_{0}\leq- i\in \mathrm{Z}_{>0}\}$ .
$\mathrm{Y}(\lambda)$ partition $\lambda=(\lambda_{1}, \lambda_{2}, \cdots)$ (Young diagram) ,





pa 2.1: the hook length function $h_{\lambda}$
hook length function ( . $\lambda=(5,4,4,1)=(5,4,4,1,0,0, \cdots)$
, $h_{\lambda}(1,3)=5$ . 2.1 )
” . $n$ , $\lambda:=(n, 0,0, \cdots)$ . ,
partition $\lambda$ – ,
$= \frac{X(X-1)\cdots(X-n+1)}{n!}=$
, – . , $n\vdasharrow(n, 0,0, \cdots)$ ,
$n\in \mathrm{N}$ partition , 2.1 ,
. , “ ” .
, $\mathrm{K}$- $V$ 2 , $S$ $V^{*}$ , Ders
$S$ $\mathrm{K}$- . :
$\bullet$ $|k|:=k_{1}+k_{2}+k_{3}$ . $(k=(k_{1}, k_{2}, k_{3})\in \mathrm{N}^{3}.)$
$\bullet \mathrm{Z}_{k}:=\{q\in \mathrm{Z}|(|k|-1)/2\leq q\leq k_{1}+k_{2}-1\}$ . $(k=(k_{1}, k_{2}, k_{3})\in \mathrm{N}^{3}.)$
$\bullet$ $\{$
$r_{k,q}:=k_{1}+k_{2}-q-1$
. $(k=(k_{1}, k_{2}, k_{3})\in \mathrm{N}^{3}, q\in \mathrm{Z}.)$
$s_{k,q}:=k_{1}+k_{3}-q-1$
$\bullet$ $\mathrm{N}_{0}^{3}:=\{k=(k_{1}, k_{2}, k_{3})\in \mathrm{N}^{3}|\max\{k_{1}, k_{2}\}\leq k_{3}\}$.
$\Sigma=(x, y)$ $V^{*}$ $\mathrm{K}$- . $q\in \mathrm{Z}_{k}$ , $(k, q)\in \mathrm{N}_{0}^{3}\cross \mathrm{Z}$ , $q$
$( \sum_{j=1}^{q-k_{1}+1}x^{q+1-j}\dot{\psi}^{-1})\frac{\partial}{\partial x}+(-1)^{r_{k,q}}(\sum_{j=k_{2}+1}^{|k|-q}X^{q+1-j}\dot{\oint}^{-1})\frac{\partial}{\partial y}$
$\theta_{\Sigma}(k, q)$ , $\lambda_{k,q}^{(j)}$ partitions :
$j=1,$ $\cdots,$ $q-k_{1}+1$ ,
$j=k_{2}+1,$ $\cdots,$ $|k|-q$ .
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pa 2.2: 2-arrangement $A_{\Sigma}$
$V^{*}$ $\mathrm{K}$- $\Sigma=(x, y)$ , $A_{\Sigma}:=\{\mathrm{k}\mathrm{e}\mathrm{r}x, \mathrm{k}\mathrm{e}\mathrm{r}y, \mathrm{k}\mathrm{e}\mathrm{r}(x+y)\}$ . ,
$k=(k_{1}, k_{2}, k_{3})\in \mathrm{N}_{0}^{3}$ , $\mathrm{k}\mathrm{e}\mathrm{r}x-\rangle$ $k_{1},$ $\mathrm{k}\mathrm{e}\mathrm{r}y\mapsto k_{2}$ , $\mathrm{k}\mathrm{e}\mathrm{r}(x+y)rightarrow k_{3}$
$A_{\Sigma}$ multiarrangement $A_{\Sigma,k}$ 2-multiarrangement , $V^{*}$ K-
“ $\text{ }$ ” , $A_{\Sigma,k}(k\in \mathrm{N}_{0}^{3})$ . ( , $A_{\Sigma,k}$
, 3 2-multiarrangement – ,
) [Wa] :
2.2 ([Wa], Theorems 1.2 and 3.12) $\Sigma=(x, y)$ $V^{*}$ K . $\mathrm{N}_{0}^{3}$
$k=(k_{1}, k_{2}, k_{3})$ , $\tilde{A}=A_{\Sigma,k}$ $\text{ }$ .
(i) $k_{1}+k_{2}-1\leq k_{3}$ , $\exp(\tilde{A})=[k_{3}, k_{1}+k_{2}]$ ,
$(f \frac{\partial}{\partial x}+g\frac{\partial}{\partial y},$ $x^{k_{1}}y^{k_{2}}( \frac{\partial}{\partial y}-\frac{\partial}{\partial x}))$
$\mathrm{D}(\tilde{A})$ . $f= \sum_{j=k_{1}}^{k_{3}}x^{j}y^{k_{3}-j},$ $g= \sum_{j=0}^{k_{1}-1}x^{j}y^{k_{3}-j}$ .
(ii) $k_{3}<k_{1}+k_{2}-1$ , $\exp(\tilde{A})=[\lfloor|k|/2\rfloor, \lceil|k|/2\rceil]$ , $|k|$ ,
$(\theta_{\Sigma}(k, \lfloor|k|/2\rfloor),$ $\theta_{\Sigma}(k’, \lceil|k|/2\rceil))$
$\mathrm{D}(\tilde{A})$ , $|k|$ ,
$(\theta_{\Sigma}(k, \lfloor|k|/2\rfloor),$ $\theta_{\Sigma}(k, \lceil|k|/2\rceil))$
$\mathrm{D}(\tilde{A})$ . , $k’=k+(\mathrm{O}, 0,1)\in \mathrm{N}_{0}^{3}$. , $a\in \mathrm{R}$
, $\lfloor a\rfloor:=\max\{m\in \mathrm{Z}|m\leq a\},$ $\lceil a\rceil:=\min\{m\in \mathrm{Z}|a\leq m\}$ .
(i) ( $k_{1}+k_{2}-1\leq k_{3}$ ) , “ ” ,
. .
2.2 (i) . $\theta_{1}:=f\frac{\partial}{\partial x}+g\frac{\partial}{\partial y},$ $\theta_{2}:=x^{k_{1}}y^{k_{2}}(\frac{\partial}{\theta y} -\frac{\partial}{\partial x})$ . , $f$
, $\theta_{1}$ $x=0$ $k_{1}$ : $\theta_{1}(x)=f\in x^{k_{1}}$ S. ,
$k_{1}+k_{2}-1\leq k_{3}$ , “$j<k_{1}\Rightarrow k_{2}\leq k_{3}-j$ ” . , $\theta_{1}$ $y=0$ $k_{2}$
: $\theta_{1}(y)=g\in y^{k_{2}}$ S. , , $\theta_{1}(x+y)=f+g=(x+y)^{k_{3}}$ .
$\theta_{1}$ multiarrangement $A_{\Sigma,k}$ , $\theta_{2}\in$ D(A\Sigma ,
: $\theta_{2}(x)=’-x^{k_{1}}y^{k_{2}},$ $\theta_{2}(y)=x^{k_{1}}y^{k_{2}},$ $\theta_{2}(x+y)=0$ .
, , Saito’s criterion [$\mathrm{O}\mathrm{T}$ , Theorem 4.19], [Sal, p.270]
“multi-version” , :
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2.3 (Ziegler’s criterion [Zi]) $(A, k)$ $l$-multiarrangement , $\theta_{1},$ $\cdots,$ $\theta_{\ell}$
$(A, k)$ : $\theta_{1},$ $\cdots,$ $\theta_{\ell}\in \mathrm{D}(A, k)$ . ,
$\theta_{1},$
$\cdots,$
$\theta_{l}$ : a basis for $\mathrm{D}(A, k)\Leftrightarrow\det(\theta_{j}(x_{i}))_{ij}=Q(A, k)$ .
, $(x_{1}, \cdots, x_{f})$ $V^{*}$ $\mathrm{K}$- . $(\theta_{j}(x_{i}))_{ij}$ ta $\theta_{1},$ $\cdots,$ $\theta_{\ell}$ ( $(x_{1}, \cdots, x_{\ell})$
) “ ” . $\mathrm{M}(\theta_{1},$ $\cdots$ , \theta . I
, $\theta_{1},$ $\theta_{2}$ $\mathrm{M}(\theta_{1}, \theta_{2})$ ,
$\det \mathrm{M}(\theta_{1}, \theta_{2})=x^{k_{1}}y^{k_{2}}=x^{k_{1}}y^{k_{2}}(x+y)^{k_{3}}$.
, 2.3 (Ziegler’s criterion) , $\theta_{1},$ $\theta_{2}$ $\mathrm{D}(A\Sigma,k)$ . 1
$k_{3}<k_{1}+$ k2–1 , . 22 (ii) ,
, “ – ” ,
. (ii) , , .
2.4 $k=(4,4,4)$ . , $|k|/2=6,$ $r_{k,6}=r_{k’,6}=1,$ $s_{k,6}=1,$ $s_{k^{l},6}=2$ ,
$\lambda_{j}:=\lambda_{k,6}^{(j)}=\{$
$(5-j, 2)$ if $j=1,2,3,$ $\mu_{j}:=\lambda_{k6}^{(j)},,=\{$
$(1, 6-j)$ if $j=5,6$
$(6-j, 3)$ if $j=1,2,3$
$(2, 7-j)$ if $j=5,6,7$ ’
. , $k’=k+(\mathrm{O}, 0,1)$ . 22 , $\theta_{1}=\theta_{\Sigma}(k, 6),$ $\theta_{2}=\theta_{\Sigma}(k’, 6)$
$\mathrm{D}(A\Sigma,k)$ . , $\theta_{1}$
$\theta_{1}=2\{(3x^{6}+10x^{5}y+10x^{4}y^{2})\frac{\partial}{\partial x}-(5x^{2}y^{4}+2xy^{5})\frac{\partial}{\partial y}\}$
. ( 2.3 $j=1,2,3,5,6$ , Young diagram $\mathrm{Y}(\lambda_{j})$ 2
. $P\in \mathrm{Y}(\lambda_{j})$ , 4 – $c(P)$ , hook-length
$h_{\lambda_{j}}(P)$ ,
$\text{ }2.3$ : Young diagrams $\mathrm{Y}(\lambda_{k,6}^{(j)})$
22
$\otimes\backslash 2.4$ : Young diagrams $\mathrm{Y}(\lambda_{k6}^{(j\rangle},,)$
,
$\theta_{2}=10\{(x^{6}+4x^{5}y+5x^{4}y^{2})\frac{\partial}{\partial x} - (5x^{2}y^{4}+4xy^{5}+y^{6})\frac{\partial}{\partial y}\}$
. ( 24 ) $\theta_{1}(x+y),$ $\theta_{2}(x+y)$ , $\det \mathrm{M}(\theta_{1}, \theta_{2})$ ( ) ,
$\theta_{1}(x+y)$ $=$ $2x(3x-2y)(x+y)^{4}$ ,
$\theta_{2}(x+y)$ $=$ 10 $(x-y)(x+y)^{5}$ ,
$\det \mathrm{M}(\theta_{1}, \theta_{2})$ $=$ $-200x^{4}y^{4}(x+y)^{4}$ .
, Ziegler’s criterion , $(\theta_{1}, \theta_{2})$ D(A\Sigma , . –
2.5 $k=(5,5,5)$ . , $\lfloor|k|/2\rfloor=7,$ $\lceil|k|/2\rceil=8,$ $r_{k,7}=s_{k,7}=2,$ $r_{k,8}=s_{k,8}=1$
,
$\lambda_{j}:=\lambda_{k,7}^{(j\rangle}=\{$
$(6-j, 3,3)$ if $j=1,2,3$ , $\mu_{j}:=\lambda_{k,8}^{(j)}=\{$
$(2, 2, 8-j)$ if $j=6,7,8$
$(6-j, 2)$ if $j=1,2,3,4$
$(1, 7-j)$ if $j=6,$ 7
22 , $\theta_{1}:=\theta_{\Sigma}(k,\cdot 7)$ , $\theta_{2}:=\theta_{\Sigma}(k, 8)$ $\mathrm{D}(A_{\Sigma,k})$ . $\theta_{1},$ $\theta_{2}$
( 25, 26 ):
$\theta_{1}$ $=$ 25 $\{(2x^{7}+7x^{6}y+7x^{5}y^{2})\frac{\partial}{\partial x}+(7x^{2}y^{5}+7xy^{6}+2y^{7})\frac{\partial}{\partial y}\}$ ,
$\theta_{2}$ $=$ 5 $\{(2x^{8}+9x^{7}y+15x^{6}y^{2}+10x^{5}y^{3})\frac{\partial}{\partial x}-(3x^{3}y^{5}+x^{2}y^{6})\frac{\partial}{\partial y}\}$.
$\theta_{1}(x+y),$ $\theta_{2}(x+y)$ $\det \mathrm{M}(\theta_{1}, \theta_{2})$ ,
$\theta_{1}(x+y)$ $=$ 25 $(x+y)^{5}(2x^{2}-3xy+2y^{2})$ ,
$\theta_{2}(x+y)$ $=$ $5x^{2}(2x-y)(x+y)^{5}$ ,
$\det \mathrm{M}(\theta_{1}, \theta_{2})$ $=$ -2500 $x^{5}y^{5}(x+y)^{5}$ .
, Ziegler’s criterion , $(\theta_{1}, \theta_{2})$ $\mathrm{D}(A\Sigma,k)$ . –
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$\otimes\backslash 2.5$ : Young diagrams $\mathrm{Y}(\lambda_{k,7}^{(j)})$
$\text{ ^{}\backslash \backslash }2.6$ : Young diagrams $\mathrm{Y}(\lambda_{k,8}^{(j)})$
3 Schur –
, ( 22) , .
, “Schur ” 33 ,
35 , [Wa] . , , –
– :
3.1 $\lambda=(\lambda_{i})_{i\geq 1}$ partition , $\lambda_{1}\leq\forall r\in \mathrm{Q}$ , $>0$ .
. $(i, j)\in \mathrm{Y}(\lambda)$ , $h_{\lambda}(i,j)>0$ ,
$c(i,j)=j-i\leq\lambda_{i}-i\leq\lambda_{1}-i<\lambda_{1}\leq r$
, $>0$ . I
$n$ – . $\mu=(\mu_{1}, \cdots, \mu_{n})\in \mathrm{N}^{n}$ , $n$ $a_{\mu}=$
$a_{\mu}(X_{1}, \cdots, X_{n})$ $a_{\mu}=\det(X_{j}^{\mu:})_{ij}\in \mathrm{Z}[X_{1}, \cdots, X_{n}]$ . $\delta:=(n-1, \cdots, 2,1,0)$
, $a_{\delta}l\mathrm{h}n$ : $a_{\delta}= \prod_{i<j}$ (Xi–Xj). $\mu\in \mathrm{N}^{n}$ , $a_{\mu}$
$a_{\delta}$ . , ( ) ; $i<j$ , $X_{i}$ $X_{j}$ “ ” $0$
: $a_{\mu}(X_{1}, \cdots, x_{j}^{i}, \cdots, X_{n})=0$ .
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3.2 $\lambda$ , “ ” $l(\lambda):=\#\{i|\lambda_{i}\neq 0\}$ $n$ partition . $(\lambda\in \mathrm{N}^{n}$
) , $S_{\lambda}$ $S_{\lambda}:=a_{\lambda+\delta}/a_{\delta}$ , $\lambda$ Schur .
, Schur – :
3.3 (I. G. Macdonald [Ma] p.45, Examples 4) $\lambda$ $P(\lambda)\leq n$ partition
. ,
$S_{\lambda}(1,1, \cdots, 1)=$
. , $\tilde{\lambda}$ partition $\lambda$ “ ” , $\lambda$ Young diagram
“ ” Young diagram partition
. ( . $\lambda=(5,4,4,1)$ , , $\tilde{\lambda}=(4,3,3,3,1)$ . )
.
3.1: (5, 4, 4, 1)
$a_{\mu}$ ( ) “ ” , $l(\lambda)\leq n$ partition $\lambda$
, Schur $S_{\lambda}$ . ,
$e_{r}:= \sum_{1\leq i_{1}<\cdots<i_{r}\leq n}X_{i_{1}}\cdots X_{i_{r}}$
. ,
$S_{\lambda}=\det(e_{\overline{\lambda}_{i}+\mathrm{c}(i,j)})_{1\leq i,j\leq m}(\lambda_{1}\leq\forall m\in \mathrm{Z}_{>0})$
. ( , $r<0\Rightarrow e_{r}=0$ ) , 33 :
3.4 $\lambda$ $\ell(\lambda)\leq n$ partition , $\lambda_{1}\leq\forall m\in \mathrm{Z}_{>0}$ ,
$=\det()_{1\leq i,j\leq m}$
.
, $n\in \mathrm{Z}_{>0}$ , :
3.5 (I. G. Macdonald [Ma] p.45, Examples 4) $\lambda$ partition, $m$
. $P(\lambda)\leq m$ ,
$=\det()_{1\leq ii\leq m}$ .
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4 2.2
, ( , 35) , ( 22)
. , $V^{*}$ $\Sigma=(x, y)$ $k=(k_{1}, k_{2}, k_{3})\in \mathrm{N}_{0}^{3}$
, $\tilde{A}:=A_{\Sigma,k}$ . $q\in \mathrm{Z}$ , $r_{q}:=r_{k,q}=k_{1}+k_{2}-q-1$ ,
$s_{q}:=s_{k,q}=k_{1}+k_{3}-q-1$ (\S 2 ), $t_{q}:=q-k_{3}+1$ . $k_{3}\leq q\leq k_{1}+k_{2}-1$
$q$ , $M_{q}$
$\ovalbox{\tt\small REJECT}:=()_{1\leq:\leq q+1}1\leq j\leq t_{q}$
. , :
$(X^{q}, X^{q-1}\mathrm{Y}, \cdots, \mathrm{Y}^{q})M_{q}=(X+Y)^{k_{3}}(X^{q-k_{3}}, X^{q-k\mathrm{s}-1}\mathrm{Y}, \cdots, \mathrm{Y}^{q-k_{S}})$ . (4.1)
$M_{q}$ $q-k_{1}+1$ $A_{q}$ , $q-k_{2}+1$
$B_{q}$ , $C_{q}$ :
$M_{q}=$ .
, $q$ , $t_{q}$ “ ” $f_{q},$ $g_{q}$
$f_{q}$ $=$ $(x^{q}, x^{q-1}y, \cdots, x^{k_{1}}y^{q-k_{1}})A_{q}$ ,
$g_{q}$ $=$ $(x^{q-k_{2}}y^{k_{2}}, \cdots, xy^{q-1}, y^{q})B_{q}$
. $\mathrm{K}$- $\rho_{q}$ : $\mathrm{K}^{t_{q}}arrow(\mathrm{D}\mathrm{e}\mathrm{r}_{S})_{q}$ ( $q$ )
$\rho_{q}(u)=f_{q}u\frac{\partial}{\partial x}+g_{q}u\frac{\partial}{\partial y}$ (4.2)
, $\rho_{q}$ , $\mathrm{k}\mathrm{e}\mathrm{r}C_{q}$ $\mathrm{D}(\tilde{A})_{q}=\mathrm{D}(\tilde{A})\cap(\mathrm{D}\mathrm{e}\mathrm{r}s)_{q}$ . , K-
$\mathrm{D}(\tilde{A})_{q}\simeq \mathrm{k}\mathrm{e}\mathrm{r}C_{q}$ . ( , $q=k_{1}+k_{2}-1$ , $C_{q}$ “
”. , $\mathrm{k}\mathrm{e}\mathrm{r}C_{q}=\mathrm{K}^{t_{q}}$ ) , $\tilde{A}$ $\mathrm{K}$- ,
$=$. ( 35) . , :
4.1 $q\in \mathrm{Z}$ ; $k_{3}\leq q<\lfloor|k|/2\rfloor$ $\mathrm{D}(\tilde{A})_{q}=0$ .
. , $k_{3}\leq q<\lfloor|k|/2\rfloor$ , $0<t_{q}\leq r_{q}$ $M_{q}$ , $C_{q}$
“ ” , “ ” . $C_{q}$ $t_{q}$
$C$ : $C=((_{s_{q}+c(i,j)}k_{3}))_{1\leq i,j\leq t_{q}}$ . , partition $\lambda$
, 35 , $\det C=$ . , $k_{3}\geq s_{q}$ , 3.1 ,
$\det C\neq 0$ . , $\mathrm{D}(\tilde{A})_{q}\simeq \mathrm{k}\mathrm{e}\mathrm{r}C_{q}=0$ . I
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, ( 2-multiarrangement , )exPonents
:
X 4.2 ([Wa] Proposition 3.11) $k_{3}\leq k_{1}+k_{2}\Rightarrow\exp(\tilde{A})=$ $[ \mathrm{L}|k|/2\rfloor, \lceil|k|/2\rceil.]$ .
( $\mathrm{D}(\tilde{A})_{q}\neq 0$ , $q\in \mathrm{Z}$ , $\lfloor|k|/2\rfloor$ . Ziegler’s
criterion , .) , 3 2-multiarrangement
exponents .
, , \S 2 $q$ $\theta_{\Sigma}(k, q)$ $\tilde{A}$
. :
4.3 ([Wa] Lemma 3.14) $\theta_{\Sigma}(k, q)\in \mathrm{D}(\tilde{A})\backslash \mathrm{D}(A\Sigma,k’)$ . , $k’=k+(\mathrm{O}, 0,1)$ .
. , $\theta_{\Sigma}(k, q)$ $\tilde{A}$ . $u_{q}\in \mathrm{K}^{t_{q}}$
$u_{q}:=$ ${}^{t}(, -, \cdots, (-1)^{r_{q}-1}, (-1)^{r_{q}}, 0, \cdots, 0)\in \mathrm{K}^{t_{q}}$
. , partitions $\mu,$ $\mu_{i}(i=1, \cdots, r_{q})$ , :
, 35 , , $u_{q}\in \mathrm{k}\mathrm{e}\mathrm{r}C_{q}$ $\theta_{\Sigma}(k, q)=\rho_{q}(u_{q})$
. , $\theta_{\Sigma}(k, q)$ multiarrangement $\tilde{A}$ .
, $\theta_{\Sigma}(k, q)$ , $x+y=0$ $(k_{3}+1)$ . (4.1) ,
$\forall u={}^{t}(u_{1}, \cdots, u_{t_{q}})\in \mathrm{k}\mathrm{e}\mathrm{r}C_{q}$ ,
$[\rho_{q}(u)](x+y)=(x+y)^{k_{3}}(x^{q-k_{3}}, x^{q-k_{3}-1}y, \cdots, y^{q-k_{3}})u$
. ,
$\rho_{q}(u)\in \mathrm{D}(A\Sigma,k’)$ $\Leftrightarrow$ $(x^{q-k_{3}}, x^{q-k\mathrm{s}^{-1}}y, \cdots, y^{q-k_{3}})u\in(\prime x+y)S$
$\Leftrightarrow$ $\sum_{i=1}^{t_{q}}(-1)^{i-1}u_{i}=0$.
, $k_{3}\geq s_{q}+1$ , 3.1 , $c,$ $c_{i}>0$ . , $u_{q}$
$\sum_{i=1}^{t_{q}}c_{i}+c$ $>0$ , $\theta_{\Sigma}(k, q)=p_{q}(u)\not\in \mathrm{D}(A_{\Sigma,k’})$ . I
$(\theta_{\Sigma}(k, q)$ $x+y=0$ $(k_{3}+1)$ , $|k|$
, ) , $S$- $M=\oplus_{n\in \mathrm{Z}}M_{n}$ ,
, 22(ii) :
44 $p,$ $q$ ; $p\leq q$ , $d:=q-p$ . $M$ , $P$ $q$
. , $\theta_{1}\in M_{p},$ $\theta_{2}\in M_{q}$ ,




22(ii) . $k’:=k+(\mathrm{O}, 0,1),$ $q:=\mathrm{L}|k|/2$ .
$\bullet$ .
$\theta_{\Sigma}(k, q)$ $x+y=0$ $(k_{3}+1)$
$\Rightarrow$ $\theta_{\Sigma}(k, q),$ $\theta_{\Sigma}(k’, q)$ : $\mathrm{K}$ –
$\Rightarrow$ $(\theta_{\Sigma}(k, q),$ $\theta_{\Sigma}(k’, q))$ ; $\mathrm{D}(\tilde{A})$ ( 42, 44)
$\bullet$ $|k|$ .
$,$ $,$ $u_{q+1}\in \mathrm{K}^{t_{q}+1}$ : $\mathrm{K}$ –
$\Rightarrow$ $x\theta_{\Sigma}(k, q),$ $y\theta_{\Sigma}(k, q),$ $\theta_{\Sigma}(k, q+1)$ :
$\mathrm{K}$ – ($\rho_{q+1}$ )




22 , , $n$ –
. $n$ 2-multiarrangement $\tilde{A}$ exponents $\exp(\tilde{A})$ ,
, $\mathrm{D}(\tilde{A})$ 4 , exponents
multiplicity , “ ” .
, multiplicity multiarrangement , “ ” ,
exponents . - .
51 $(x, y)$ $V^{*}$ $\mathrm{K}$- , $A=\{\mathrm{k}\mathrm{e}\mathrm{r}x, \mathrm{k}\mathrm{e}\mathrm{r}y, \mathrm{k}\mathrm{e}\mathrm{r}(x+y), \mathrm{k}\mathrm{e}\mathrm{r}(x+cy)\}(c\in$
$\mathrm{K}\backslash \{0,1\})$ . $A$ multiplicity $Aarrow \mathrm{N}$
$\mathrm{k}\mathrm{e}\mathrm{r}xrightarrow 1,$ $\mathrm{k}\mathrm{e}\mathrm{r}y-\rangle 3,$ $\mathrm{k}\mathrm{e}\mathrm{r}(x+y)\mapsto 3,$ $\mathrm{k}\mathrm{e}\mathrm{r}(x+cy)rightarrow 1$
, $\exp(A, k)$ , :
$\exp(A, k)=\{$
$[3, 5]$ if $c=2$ ,
$|4,4]$ if $c\neq 2$ .
( 3 $(x^{3}+3x^{2}y+3xy^{2}) \frac{\partial}{\partial x}+y^{3}\frac{\partial}{\text{\^{o}} y}$ , $x+cy=0$ $c=2$
. $c$ , )–




, 22 , A2 “ . ” .
5.1: A2
, , K. Saito [Sa2] “ ” .
, $A$ , :
5.2 (H. Terao [Tel]) $m\in \mathrm{N}$ ,
$\mathrm{D}^{(m)}(A):=\{\theta\in \mathrm{D}\mathrm{e}\mathrm{r}_{S}|\theta(\alpha_{H})\in\alpha_{H}^{m}S(\forall H\in A)\}$
free .
, , $D$
. , [Te2] , $D$ “Levi-Civita ” $\nabla_{D}$
, [Tel] , $\nabla_{D}$ . - , M.
Yoshinaga [Yol] , 5.2 , [Sa2] , $\nabla_{D}$
$\nabla_{D}^{-1}$ . , $\nabla_{D}^{-k}E$ ( $E$ “ ”)
, $\mathrm{D}^{(m)}(A)$ Terao Yoshinaga ,
[Te2] “ ”, , [Te3] ,
.
, 22 A2 ,
( Levi-Civita ) ,
. , Terao Yoshinaga
, .
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